Background: The Swedish Colorectal Cancer Registry (SCRCR) is a national registry established in 1995 for rectal cancer, and also including colon cancer since 2007. Knowledge of the quality of the registry is vital in order to draw correct conclusions from studies based on the registry. The aim of this study was to assess the completeness, timeliness, comparability and validity of the SCRCR. Material and methods: Completeness, timeliness and comparability of the registry were estimated. From the SCRCR year 2008, 500 cases were randomly selected to examine the validity of the registry and 486 cases were retrieved. Using hospital patient records as source documents, 130 variables in the SCRCR were reabstracted using the SCRCR registration forms and then compared with the original files. Result: During the period 2008-2015, the average completeness of the SCRCR was 98.5% for colon cancer and 98.8% for rectal cancer. Timeliness improved between the years 2008 and 2015, with 98% of the patients registered within 12 months for the year 2015. For most of the variables, comparability was estimated to be reproducible and comparable with other registries. Regarding the validity of the registry, when comparing reabstracted data with the original SCRCR data, average agreement was 90%. Conclusion: The SCRCR can be considered a reliable registry useful for quality assurance and research. Standardization and improvements in journal documentation are needed to improve future evaluation of the source documents.
Introduction
The Swedish Colorectal Cancer Registry (SCRCR) is a nationwide quality registry that includes data from both the Swedish Rectal Cancer Registry that was launched in 1995 [1] and from the Swedish Colon Cancer Registry that started in 2007 [2] .
Today, the SCRCR functions as a single registry using the same forms for registration for both colon and rectal cancer (CRC) although some variables are only applicable to the colon and others to the rectum. The doctor who is responsible for the treatment of the patients also fills in the forms. At each hospital, there is a doctor responsible for the registration process who communicates with the colleagues preforming the registration. The data are registered and monitored at the responsible Regional Cancer Centres located in each of the six healthcare regions in Sweden.
The Umeå Regional Cancer Centre is then responsible for processing and analyzing data from all of Sweden and for publishing yearly reports, including data for individual hospitals that are distributed and discussed at local hospitals and at regional and national meetings. Moreover, data from the SCRCR, together with data from other cancer and disease registries, are used by the National Board of Health and Welfare for comparison of quality and efficiency in the Swedish health care system.
The SCRCR, together with other health care registries, is a valuable source of information for research, quality assurance and benchmarking [3, 4] . These open comparisons are widely believed to have led to improvements in many fields of the CRC treatments including diagnostic work-up, surgical treatment and pathologic examination. Data on complications and mortality have been an important source of information for decisions in different regions to centralize treatments. Although it is difficult to prove that the improvements are related to the presence of the SCRCR, it is generally accepted that the population-based improvements in CRC treatment and survival would not have been managed without the SCRCR [2] .
The SCRCR has been used extensively for research, with more than 50 publications based on data from the registry. A list of already published works and manuscripts is available on the SCRCR website [5] .
It is obvious that it is of major importance to determine the validity of the registry as it is used so extensively for decision-making and research. The validity of the registry has been partially studied earlier although only for the rectal cancer part of the registry [6] [7] [8] , with the latest thorough validation performed in 1997.
The aim of this study was to assess the completeness, timeliness, comparability and validity of the SCRCR.
Material and methods
The quality of a registry was assessed regarding four different aspects: completeness, timeliness, comparability and validity.
Completeness means the proportion of cases registered in the SCRCR of all CRCs. In Sweden, all diagnosed cancers are required by law to be registered in the Swedish Cancer Registry. Completeness of the SCRCR is assessed annually by comparison to the Swedish Cancer Registry, which has an estimated overall completeness of 96.3% [9] . For the present study, numbers on completeness were retrieved from the annual reports of the SCRCR.
Timeliness is the time from the date of diagnosis of the cancer until it is registered in the SCRCR.
Comparability reflects the adherence in the registry to international standards such as TNM, ICD, pathology reporting standards, Clavien-Dindo and other systems, which makes it possible to reproduce statistics. Comparability was examined by reviewing the definition of the different parameters in the registry [10] .
Validity is defined as the proportion of cases in a dataset with a given characteristic (e.g., site and age) that truly have the attribute [11] . For this study, reabstraction was chosen as a validation method.
At the Regional Cancer Centre in Umeå, Sweden, where the SCRCR is managed, 500 cases were randomly selected for reabstraction from a total of 5608 patients that were registered in the CRC for 2008. All 59 hospitals in Sweden treating CRC at that time were involved.
For 48 of the smaller hospitals, which were treating 328 of the patients, letters went out requesting the hospital records of the patients. The investigators visited the 11 larger hospitals, which were treating 172 of the patients.
The steering group of the SCRCR initiated the work in 2010, during the years 2011-2012 the case selection and requests of the hospital records were made, in the years 2013-2014, five surgeons with previous experience in the registration were involved in reabstracting the information from the hospital records, using the registration form and coding instructions that were in use in 2008. These investigators did not have any information about or any access to the original registration.
The registration form comprised 130 variables in five sections, covering preoperative investigations and findings (e.g., date of diagnosis and radiological staging), information related to operative treatment, histopathological examination, postoperative course (including any complications and reoperations) and short-term follow-up (within 30 days). Only variables applicable to each patient are registered, e.g., variables related to surgery are not recorded unless a patient undergoes surgery.
Reabstracted data on paper forms were transferred to an electronic format on the National Information Network for Cancer Care (INCA) platform used for the SCRCR, and the reabstracted dataset was compared with the corresponding (original) dataset from the SCRCR.
Some 'checkbox' variables in the SCRCR containing specifics on a 'parental' variable are encoded only as 'true' or with a missing value. For example, the three variables for pre-therapeutic staging of the primary tumor with CT, MRI and ultrasound, respectively, can only have the value 'true' or a missing value, but are applicable only if the 'parental' variable for pretherapeutic staging of the primary tumor has a value of 1. In these instances, we recoded the 'checkbox' variables to 0 if at least one of them had the value 'true' and the 'parental' variable had the value 1, in order to distinguish from truly missing values. The variables encoding placement of vascular ligatures (Figure 1 ) are also designed as 'checkboxes' and missing variables were recoded as 0.
Variables concerning histopathological findings were also recoded so that values for 'could not be assessed' (histopathological stage TX, NX, etc.) were regarded as missing values.
The variable for construction of colonic reservoir (a variable no longer in use in the SCRCR) after anterior resection was also recoded to include any reservoir or side-to-end anastomosis in one category.
The results from the comparison of the variables from the two data sets were classified as either matching, non-matching, information missing in both datasets, information missing in the original dataset only, or information missing in the reabstraction dataset only.
Matching variables were regarded as correct. Missing variables in either the original or the reabstracted forms were excluded. If the values were non-matching, it was an incorrect match and defined as an erroneous result. For date of diagnosis, one week of difference was allowed and still considered to be a match.
For the comparisons between the original and datasets, we strived to restrict the analyses to include records were each variable was applicable, e.g., only patients with a record (in the original dataset) of a surgical procedure were included in the assessment of variables concerning postoperative complications. These restriction criteria are shown in Table S1 .
The evaluation was done according to the manual for quality registry evaluation available on the website of the Regional Oncology Centre [12] and the outcome was presented in line with the report on the evaluation of the Swedish prostate cancer registry [4] .
Long-term follow-up data regarding recurrences and late complications were not included in this study.
Statistical analysis
Data management and statistical analyses were performed using Stata version 15 (StataCorp, College Station, TX, USA). For categorical variables, the percentage of matching results was calculated and the correlation was analyzed with Cohen's kappa coefficient [13] . For continuous variables, Pearson's correlation coefficient was used to assess the correlation. Similar definitions were used as during the validation of the prostate cancer registry [4] although we in the present analysis adhere to the traditional interpretation of Kappa statistics [14] . Variables with more than 80% agreement or a correlation coefficient greater than 0.8 were classified as almost a perfect agreement, variables with agreement below 80% and correlation of less than 0.6 were regarded as poor agreement. All other variables were regarded as variables with acceptable validity.
Ethics
Evaluation of the quality registries is seen as a necessary part of the quality assurance of the Swedish quality registries and permission from the regional ethical committees are generally not needed [12] . The steering group of the SCRCR initiated and accepted the evaluation of the SCRCR.
Results

Completeness
Between 2008 and 2015, 98.5% of the colon cancer cases and 98.8% of the rectal cancer cases (mean percentages) registered in the Swedish Cancer Registry were also registered in the SCRCR (Table 1) .
Timeliness
On average, the time between the dates of diagnosis to entry in the SCRCR in the year 2008 was 221 days and 79% of the cases had been registered within 1 year from diagnosis (Figure 2(a) ). For comparison, the timeliness was calculated for the year 2015 and improved to 98% of the cases registered within 1 year from diagnosis ( Figure 2(b) ). Timeliness for cancer of the colon and cancer of the rectum were almost identical, and the timeliness for the 500 patients selected for reabstraction was identical to the whole of the 2008 year's cohort (data not shown).
Comparability
The variables registered are shown in Table 2 . It would be possible to use most of the variables in the registry for comparison with other registries by reviewing the different registration forms. The variables in the preoperative investigation and findings are mainly diagnostic dates and results of the preoperative imaging documented according to the TNM staging system.
The operative treatment form does register different surgical outcomes, and most of the variables are straightforward and easy to register. For a few variables, such as 'primary inextirpable tumor' and 'curativity as evaluated by surgeon', there could be a risk of variations in how this is estimated by the surgeon.
The histopathologic examination form is based on variables used internationally and based on the TNM system. However, there is some risk of interobserver variability between pathological units in how, for example, vascular invasion is estimated.
Short-term (30 days) follow-up is also based on variables with little risk of having different definitions in other registries. Except for 'patient included in study', different clinics can have different opinions on what should be defined as a study.
Validity
No hospital records were retrieved for 14 patients of the 500 selected for reabstraction, leaving 486 files to be reabstracted ( Table 2 ). The reason for non-retrieval was that copies of the hospital records were not sent for reabstraction from some of the smaller hospitals.
Preoperative investigations and findings
This group had an overall median agreement of 91% and the correlation according to kappa or Pearson's was 0.67 ( Table 2) .
The only continuous variable in this group, date of diagnosis, showed good agreement according to Pearson's estimation, 0.97, but exact agreement between the original and reabstracted data was only 66% (Table 2) .
Operative treatment
The median agreement in this group was 90% and the median correlation was 0.64 (Table 2 ). To mention some variables with the lowest agreement and correlation, information on mechanical bowel preparation was often missing during reabstraction (Table 3) . If a perioperative bowel perforation is recorded, it has to be specified if it is tumor-adjacent or not. In both the original and the reabstraction datasets, eight patients were found to have tumor-adjacent perforation but only three of the patients were exactly the same, with the other patients missing or not estimated to have a tumoradjacent perforation (Table 3) .
Examples of variables with almost perfect agreement are whether preoperative radiation therapy has been given or if the operation was performed laparoscopically ( Table 2) .
The nine continuous variables had a substantial or almost perfect agreement after correction for extreme outliers (Table 2) .
Histopathologic examination
There were 19 variables in this category and the median agreement was 92% and the median correlation was 0.79. The variables with the lowest agreement and correlation were pT4 classification, where the reabstracted data more often found the T4 stage to be T4a when the original stated it was T4b (Tables 2 and 3 ). The longitudinal resection margin also had low agreement and correlation, where the original was prone to measure it as more than 10 cm when the reabstraction documented it as less than 10 cm (Table 2; Figure 3 ).
Postoperative course
This group represented 28 variables, of which 19 were categorical. The median agreement was 96% and the median correlation was 0.64.
The variables with the lowest agreement and correlation were surgical complications and other complications, with reabstraction more often stating surgical complication when the original registered no surgical complication (Tables 2  and 3 ).
Short-term (30 days) follow-up
The median agreement was 88% and the median correlation was 0.66, with the variable 'further follow-up apart from postoperative return' as the only variable with low agreement and correlation (Table 2) .
Missing values
Several variables had a high degree of missing values in both the original and the reabstracted datasets. These variables are only documented if an event has occurred. Examples of this are preoperative bowel deviation, bleeding as a cause for reoperation and date of intensive care treatment (Table 2) . Missing values were rarely seen in the original dataset (1.7%). Pretherapeutic TNM and circumferential as well as longitudinal resection margin were missing in more than 10% of cases (Table 2) . It was more common that variables were missing only in the reabstracted dataset (9.4%). Several variables had a high number of missing data only in the reabstracted dataset, such as mechanical bowel preparation, body weight and length, operation time and rectal washout ( Table 2) .
Comparing missing values in patients with rectal cancer (n ¼ 150) vs. colon cancer (n ¼ 336), missing values were seen for 1.7% of the variables for rectal cancer and 1.5% for colon cancer. In the reabstracted dataset, the percentages of missing variables were 9.1% for rectum and 8.7% for colon.
No difference was seen comparing university vs. regional hospitals. Missing values in the original dataset in the visited hospitals was 2.0%, compared with 1.5% in the non-visited hospitals and missing values only for the reabstracted dataset were seen for 7.7% of the variables in the visited hospitals compared with 9.3% for the non-visited.
Discussion
This study reveals that the SCRCR is a detailed and well-functioning quality registry with high coverage and low levels of missing data. However, the study also identifies several areas for potential improvement.
With more than 98% coverage, the completeness of the SCRCR can be regarded as very good and it is in line with other Swedish quality registries, such as the National Prostate Cancer Registry, which has 98% completeness [4] , and the National Registry for Oesophageal and Gastric Cancer, which has a completeness of 95.5% [3] . For international comparisons, the Dutch surgical colorectal audit registered 95% of the cases found with colorectal cancer at the national cancer registry in 2011 [15] . According to the annual report of the national bowel cancer audit in England and Wales, 95.3% of cases registered in the office for national statistics cancer registration dataset were also registered in the audit for the years 2015-2016 [16] . The reason for this good coverage in Sweden can mainly be attributed to the control system of the Regional Cancer Centres, which monitor the completeness of the SCRCR against the Swedish Cancer Registry for the region that they serve. When a patient is discovered in the cancer registry and not found in the SCRCR, an electronic registration form is sent by the INCA system to the responsible registrar at the hospital where the patient was diagnosed. The deadline for completing the registration for each year is the end of February of the upcoming year. The completeness of the cancer quality registries are reported at the hospital level in the yearly reports and published on the website of the regional cancer center. This further encourages the hospitals to finish the registration in time [17] .
To estimate the completeness, the Swedish quality registers, including SCRCR, have decided to compare themselves to the Swedish Cancer Register, which is regarded as the gold standard. However, it is known from a study comparing records from 1998 in the Hospital Discharge Register to the Swedish Cancer Register, that an estimated 3.7% of cancer cases are missing in the Swedish Cancer Register [9] . The completeness of the Swedish Cancer Register regarding colorectal cancer specifically is not known, but it is possible that there is a higher risk of underreporting when the cancer is not histologically verified (e.g., in older individuals, not receiving any treatment, with metastatic disease only diagnosed by radiology). It is also known that Sweden is the only Nordic country still not using death certificates as a source of information on cancer diagnosis -the proportion of non-registered cancer cases in Sweden is therefore higher as compared to the other Nordic countries [18] . It has been estimated that around 4% of all cancer diagnoses that would be Cross-tables with comparison of original and reabstracted data for selected variables with agreement <80% and correlation below 0.6, and anastomotic insufficiency.
death certificate-initiated could be missing in Sweden [19] . This does not, however, have a great effect on the clinical cancer registries because these are mainly untreated cases. Refer Parkin and Bray for further techniques available for estimating completeness of a Cancer Registry [20] . The timeliness, calculated as the cumulative proportion registered in the SCRCR from the date of diagnosis, reveals that it takes considerable time for the patients to be registered in the SCRCR. The results are good in comparison with the National Prostate Cancer Registry, where cumulative percentage registered was 80% after 1 year [4] and with the National Registry for Oesophageal and Gastric Cancer [3] , which showed a cumulative registration rate of 78%. Although improvements were seen for the year 2015, this reveals that the cancer quality registries are currently not suitable for real-time estimation of the cancer treatment. Because the registration forms have different sections, as described in the material and methods, it is not possible to complete the registration until the treatment and follow-up visits have been done. An effort to change the logistics of the registration was commenced in the year 2017 and each section of the current registration form has its own electronic registration form available on the INCA platform. Each form will be possible to fill in after each completed element of the treatment process. Moreover, a separate form for radiologic estimates and oncologic treatments was added. The comparability was estimated to be in line with international standards. The majority of the variables are objective, with some of the variables at risk for subjective estimation by the surgeon or the pathologist. Dates, TNM classification and measurements based on the international units can be considered a secure manner of registration that should not vary between different quality registries. There is, however, always a risk that those who do the registration are not aware of the definitions or a change in definition, such as when a new version of the TNM grading system is introduced. It would be a great improvement if different national quality registries were to cooperate on formation of international standards and definitions in line with the TNM staging system.
The source documents for reabstraction and validation are the patient files. The possibility to properly evaluate the registry depends on how well information has been recorded in these files. Missing information in 9.4% of the variables in the reabstracted dataset, compared with only 1,7% of the original dataset, reveals that the documentation of variables in the patient files is incomplete. Since the year 2008, many hospitals have introduced standard forms for multidisciplinary meeting notes, operation and pathology reports, and radiologists answer the reports in TNM. In 2008, the surgeons were responsible for all the registrations. This is gradually changing, and the aim is that the pathologic, oncologic and radiologic clinics will be responsible for reporting data related to their speciality.
When different sections of the registration were analyzed, preoperative investigations and findings generally had good agreement or correlation, except for 'staging of the primary tumor with CT'. It is known that the preoperative T and N staging are often suboptimal [21] but also there is a possibility that the interpretation of the CT reports can be different between doctors if it is not standardized. However, a big effort has been under way in Sweden to improve the preoperative staging of the primary tumor, not only for rectal cancer with MRI but also for colonic cancer with CT scan. This has been done with working group seminars for radiologists and by discussing all cases at preoperative multidisciplinary meetings.
For operative treatment, some variables are difficult to assess from the patient files. The location of proximal ligature often had good agreement but poor correlation. The level of ligature is somewhat difficult to assess, since several ligatures can be registered in one operation (Figure 1) . The biggest difficulties for the validators were to assess whether it was arteria mesenterica inferior or arteria hemorrhoidalis superior that was ligated at anterior resection. This was not always clear, and the terminology differed between operators. This further shows the need for standardized operation reports, as has been further discussed by Bostr€ om et al. [22] .
Perioperative perforation of the bowel close to the tumor was classified as a poor variable. This is of course a major problem, as the variable is important because it is thought to predict local recurrences in rectal cancer and peritoneal carcinomatosis in colon cancer. The question is if the surgeons are reluctant to document a perforation, or if they do not know that it only applies to a perforation of bowel where the tumor is located and not, for example, a perforation of the small bowel during adhesiolysis. This is something surgeons and researchers have to be aware of.
For the postoperative course, some variables were hard to find information about in the files, as is shown in the variable of postoperative multidisciplinary meeting. Surgical complications in general and other complications were classified as poor variables and are good examples of variables with broad definitions and the possibility of great variability between from the registrars. The complications that are supposed to be registered are from Clavien 2 and upwards [23] , and this might not be fully understood. A recent study on 1507 patients reported to the SCRCR in 2007-2013 revealed a substantial underreporting of anastomotic leakage after rectal resection, with 52 out of 180 leakages (29%) not reported [24] . The authors stressed the importance of adherence to internation definition of anastomotic leakage as defined by the international study group of rectal cancer [25] . In the present study the exact agreement of anastomotic leak was 94% (including agreement for the absence of anastomotic leak) and of reoperation due to leakage to be 100%, this is in line with earlier study which showed that reoperations and date of reoperation were of good quality [6] .
Overall, the accuracy of the registry is satisfying. The variable with the least agreement was 'date of diagnosis'. A oneweek difference was considered close enough for a match, but there was still only a 44% agreement. In the instructions for the registry in 2008, it should be stated that the date of diagnosis should be the date that a morphologic diagnosis was established. This might not be well known, and the date might be interpreted arbitrarily. For example, one might choose the date of radiology suspecting the diagnosis, the date of colonoscopy/rectoscopy, the date of first visit at surgical department, etc. It is of great importance that registrars cohere to the same definition of the date of diagnosis as this is a variable much used when times from diagnosis to first treatment is calculated.
From the scatterplots, we can see outliers that are obviously not correct and are caused by human errors, such as a patient's height registered to only 60 cm in the original or the date of surgery in January 2014 in the reabstracted version. These are examples of variables that should be made impossible to register incorrectly through the use of a digitalized control function when the data are registered.
To explain why the results have not been presented earlier, it can be clarified that the present evaluation have met many obstacles during the process, originally the decision was made to do the validation in 2008 and the cohort was selected in 2010. Originally the plan was to have copies of the patient records sent to the research group for validation, however many larger clinics were reluctant to copy so many records. Moreover, the researchers originally engaged in the project did quit and the present study group attended the project in 2012. The decision was made to visit the clinics with the work finished in 2014. Since then data has been entered into the re-abstracted database, statistics have been made and the text has been written. During this time, the other cancer registers have been validated [3, 4] and a manual for validation of the quality registers has been constructed [12] .
One lesson is that validation is very time-consuming and the selection of hospitals to visit can be done more pragmatically than was done in the present analysis. This was, for example, done during the evaluation of the prostate cancer registry, in which only 12 hospitals and 5 private health care providers were visited [4] .
Although the year of validation was 2008, it is still very relevant to know the quality of the registered data from this year, as there is ongoing research including the diagnostic year of 2008. However, it is highly relevant to do a new validation to be able to see whether there are improvements in the agreements and correlations of the variables, also including oncologic treatment, long term complications and recurrence variables which is crucial when evaluating the true quality of oncologic care.
A lesson learned is that standardized hospital record documentation should be prioritized in health care. This would reduce the amount of missing variables in the hospital records and improve the comparability between hospitals and the quality of the registered data. It would even enable the hospital record system to directly link relevant data to the quality registries, a work in slow progress because of the multitude of different hospital record systems running in Sweden.
Interobserver variability was not estimated between the five investigators that did the reabstraction. This is relevant as there are variables that could be interpreted differentially between investigators although all of them used the same registration manual for their work, something that future validation work should take into account.
Conclusion
The SCRCR can be considered a reliable registry useful for quality assurance and research. Standardization and improvements in journal documentation are needed to improve future evaluation of the source documents.
